Background and purpose: It remains unclear about the etiopathogenesis of cognitive impairment (CI) in Parkinson's disease (PD). Since diabetes mellitus (DM) has been shown to be associated with CI in several diseases, we examined the association between CI and dysglycemia in PD.
INTRODUCTION
Parkinson's disease (PD) has been recognized as a multisystem neurodegenerative disorder with typical motor symptoms, including static tremor, bradykinesia, rigidity, postural instability, and gait difficulty. Although movement symptoms are the main clinical characteristics of PD, increasing evidence has shown that PD patients often experience a series of non-motor symptoms, including cognitive impairment (CI), dysfunction of autonomic nervous system, and behavioral disturbances.
Cognitive dysfunction is one of the most devastating and common non-motor symptoms of PD. There are approximately 20-40% of patients suffering from CI in the early stage of PD (Aarsland et al., 2010) . The average incidence of mild CI has shown to be 26.7% (range, 18.9-38.2%) in PD (Litvan et al., 2011) . More than 75-80% of the patients will eventually develop to dementia (Litvan et al., 2011) . The cumulative incidence of dementia in PD approached to 80% in a community-based study (Hely et al., 2008) . A prospective study suggested that individuals with PD had a three-suxfold higher risk of developing dementia than people without PD at the same age (Aarsland et al., 2001) . PD severely impacts on the patients' life quality, imposing a huge burden on the patients, their family and society. CI makes this hard situation even worse in PD patients.
According to a nationally cross-sectional survey in China, the overall prevalence of diabetes mellitus (DM) was estimated to be 11.6% in the Chinese adult population (Xu et al., 2013) . Diabetes is frequently accompanied with a variety of complications. Many studies have shown a relationship between diabetes and cognitive decline, and this correlation is particularly significant in patients over 60 years old (Xu et al., 2009) . Several epidemiological studies have suggested that diabetes is associated with the development of PD. For example, diabetes has been shown to be one risk factor for the occurrence of PD (Cereda et al., 2011) . Diabetes may aggravate movement symptoms of PD patients (Cereda et al., 2012; Kotagal et al., 2013) .
However, little is known about the association between CI and dysglycemia in PD. Therefore, in the present study, we investigated the association between cognitive function and dysglycemia in PD with the following aims: to compare clinical characteristics of Parkinson's disease patients with (PD-DM) or without (PD-nDM) diabetes mellitus, to compare cognitive function at different levels of HbA1c and insulin resistance in Parkinson's disease patients, and finally to investigate risk factors of CI in Parkinson's disease.
MATERIALS AND METHODS

Participants
A total of 282 PD patients were recruited in the department of Neurology at Xinhua hospital affiliated to Shanghai Jiao Tong University from October 2013 to October 2016. All the participants were examined by a movement disorder neurologist 
Clinical Data Collection
The detailed demographics characteristics of study participants included age, gender, body mass index (BMI), diseaserelated variables, medications, and educational background (measured as the total number of school years). All the participants underwent Hohen-Yahr staging (H-Y staging) and Unified Parkinson's Disease Rating Scale -motor score (UPDRS-III) to evaluate motor symptoms. All participants underwent neuropsychological assessment by an experienced neuropsychologist. General cognitive function was measured using the Mini Mental State Examination (MMSE), which has a maximum score of 30. Dementia severity was assessed using Montreal Cognitive Assessment (MoCA), which includes the following seven domains: visuospatial/executive (5 ), naming (3 ), delayed memory (5 ), attention (6 ), language (3 ), abstraction (2 ), and orientation (6 ). If the informed years of education were ≤12 years, then 1 was added to correct the bias for education level. Patients with MoCA scores <26 were considered to have CI (Dalrymple-Alford et al., 2010; Litvan et al., 2012; Marras et al., 2013) . Emotion evaluations were based on Hamilton Anxiety Scale (HAMA, 14 items) and Hamilton Depression Scale (HAMD, 24 items) (Hamilton, 1967; Xiao et al., 2011; Kandiah et al., 2014) .
Biochemical Tests
Biochemical tests for fasting glucose, HbA1c, fasting insulin and oral glucose tolerance test (OGTT) were performed in 119 participants. Procedure for 2h-OGTT required administration of 75 g oral glucose load within a 5-min period, and 2-h postprandial glucose was subsequently drawn at 120 min, timed from the beginning of the glucose load (Hu et al., 2004; Cukierman-Yaffe et al., 2009; Bosco et al., 2012; Cereda et al., 2012; Yaffe et al., 2012) . A fasting glucose ≥6.1 mmol/L was considered as high fasting glucose (Hu et al., 2004; Cukierman-Yaffe et al., 2009; Cereda et al., 2012; Yaffe et al., 2012) . Patients were considered to have an impaired glucose tolerance (IGT) if 2-h postprandial glucose was between 7.8 and 11.1 mmol/L (Hu et al., 2004; CukiermanYaffe et al., 2009; Cereda et al., 2012; Yaffe et al., 2012 (Matthews et al., 1985; Bosco et al., 2011 Bosco et al., , 2012 . Patients were considered to have insulin resistance if their HOMAIndexes ≥3 (Matthews et al., 1985) . DM was defined by one of the following criteria: participants reported diabetes history, discharge diagnosis of DM, a tested fasting glucose level higher than 7.0 mmol/L, or a 2-h postprandial glucose level higher than 11.1 mmol/L (Boon et al., 1997; Hu et al., 2004; Cukierman-Yaffe et al., 2009; Cereda et al., 2012; Yaffe et al., 2012) .
Statistical Analyses
All statistical procedures were conducted using Statistical Package for the Social Sciences (SPSS) version 20.0 for Windows.
Comparison between groups was performed using a twosample t-test (normal distribution) or Mann-Whitney U-test (abnormal distribution) as appropriate. Categorical variables were examined using the Chi-square test. Correlation tests were performed using spearman correlation analysis, and the statistically significant indicators were included in the logistic regression analysis. Statistical significance was set at p < 0.05. Figure 1A) . In addition, PD-DM group showed significantly higher constituent ratio of CI compared to PD-nDM group (x2 = 21.400, p = 0.000) ( Table 2) .
Comparison of Cognitive Function at Different Levels of HbA1c and Insulin Resistance in Parkinson's Disease Patients
In our current study, HbA1c and HOMA-index were used as parameters to evaluate diabetes control and insulin resistance in PD, respectively. As shown in Figures 1B,C (Figure 1D ). In addition, none of HbA1c ≥ 6.5%, HbA1c ≥ 7% or IR ≥ 3 groups showed significant difference in age, gender, education, levodopa equivalent dosage, drug ratio, onset age, duration, onset form, UPDRS-III, H-Y staging, MMSE score, HAMA score, or HAMD score compared with the corresponding control groups (Tables 3-5 ).
Risk Factors of Cognitive Impairment in Parkinson's Disease
As shown in Table 6 , MoCA score was negatively correlated with H-Y staging (r = −0.243, p = 0.008), HbA1c (r = −0.207, p = 0.024), and insulin resistance (r = −0.498, p = 0.000). However, MMSE score had no correlation with either H-Y staging or glucose metabolic indicators ( Table 6 ). To identify the risk factors of CI, logistic regression analysis was conducted, and our data indicated that H-Y staging (OR = 1.844, 95% confidence interval:1.162 ∼ 2.927, p = 0.009) and HbA1c ≥ 7% (OR = 4.253, 95% confidence interval:1.596 ∼ 11.342, p = 0.004) were independent risk factors of CI in patients with PD ( Table 7) . 
DISCUSSION
In this study, we investigated clinical features of PD patients with or without dysglycemia, examined risk factors of CI in PD, and explored the relationship between CI and dysglycemia in patients with PD. Cognitive impairment is frequently found in PD, especially in the late stage of the disease (Hely et al., 2008; Aarsland et al., 2010; Litvan et al., 2011) . It is well known that diabetes is one of the risk factors of cognitive dysfunction (Xu et al., 2009) in several diseases, but it remains unclear about the role of dysglycemia in CI of PD. In the present study, we observed that PD-DM patients had significant higher BMI compared to PD-nDM patients, which was in accordance with the clinical features of DM (Hu et al., 2004) . There was no significant difference in onset form, dominant side involvement, levodopa equivalent dosage, doses of levodopa, UPDRS-III, or H-Y staging between PD-DM and PD-nDM patients. However, previous studies have suggested PD patients with diabetes may have worse motor symptoms compared to those without diabetes. A case-control study indicated that patients with PD and DM had higher motor scores, and needed larger doses of dopaminergic treatment compared to patients with PD only (Cereda et al., 2012) . Another cohort study showed that diabetes could aggravate the movement symptoms of PD, especially gait disturbance and postural stability (Kotagal et al., 2013) . The disparity between our results and other studies may be due to the difference of sample size and enrolled patient population. In line with the previous study (Profenno et al., 2010) , our data showed significant differences in MMSE and MoCA scores were observed between PD-DM and PD-nDM patients. Moreover, the prevalence of cognitive dysfunction is significantly higher in PD-DM patients than that in PD-nDM patients, suggesting that diabetes may be one risk factor for cognitive dysfunction in, at least partially, PD patients. It has been shown that α-synuclein, amyloid-β (Aβ) peptides, and tau protein may be involved in the pathologic process of CI in PD Kang et al., 2013) . Laboratory studies suggested that CI was caused by aberrant glycation of α-synuclein, Aβ peptides and tau protein (Vicente Miranda et al., 2016) , which was induced by glycation agent produced by dysglycemia (Sousa Silva et al., 2013) . Insulin resistance may also lead to the abnormal regulation of tau, resulting in Aβ peptides deposition (Bosco et al., 2011) . It is necessary to further investigate the specific pathological mechanism for CI in PD in our future research.
HbA1c, a commonly used parameter reflecting the mean glucose concentration during the past 8-12 weeks, is a superior indicator to assess long-term glycemic control (Miedema, 2005) . Although several methods have been developed to diagnose human insulin resistance, the HOMA-index method has been recognized as the mostly employed approach in both clinical practice and epidemiological studies due to its simplicity (Matthews et al., 1985; Salgado et al., 2010) . Therefore, in our current study, HbA1c and HOMA-index were used as parameters to evaluate diabetes control and insulin resistance in PD, respectively. We observed that MoCA scores in HbA1c ≥ 6.5%, HbA1c ≥ 7% and insulin resistance ≥3 groups were significantly lower than that in the corresponding control groups, suggesting CI is associated with the control situation of diabetes in, at least partially, PD patients. In our study, HbA1c ≥ 6.5, HbA1c ≥ 7 and IR ≥ 3 groups were significantly lower than the corresponding control groups, which is in agreement with actual clinical conditions and also observed in previous studies (Bohnen et al., 2014; Ong et al., 2017) .
Furthermore, correlation analysis showed MoCA score was negatively correlated with H-Y staging, HbA1c and insulin resistance, respectively. However, MMSE score was not correlated with either H-Y staging or glucose metabolic indicators. The potential reason could be that MoCA has the higher sensitivity and specificity (Dalrymple-Alford et al., 2010) , better evaluation reliability (Gill et al., 2008) , and higher discriminant validity (Hoops et al., 2009) in the assessment of cognitive function in PD, whereas there is a ceiling effect of MMSE in cognitive evaluation (Hoops et al., 2009; Marras et al., 2013) . Based on the previous studies (Dalrymple-Alford et al., 2010; Litvan et al., 2012; Marras et al., 2013) , we set MoCA 26' as a discriminator to differentiate CI, which was shown to be a convenience and reliable approach for clinicians to evaluate patients' cognitive function.
Finally, logistic regression analysis showed that H-Y staging and HbA1c ≥ 7% were risk factors of CI in PD. The correlation of CI with H-Y staging is in accordance with the development characteristics of PD. With the progression of disease severity, cognitive dysfunction gradually deteriorated (Hely et al., 2008) . Among all the glucose metabolic indicators, HbA1c ≥ 7% was a significant risk factor of CI in PD. Some large scale crosssectional (Cukierman- Yaffe et al., 2009; Nguyen et al., 2010) and prospective studies (Kanaya et al., 2004; Yaffe et al., 2006 Yaffe et al., , 2012 have indicated that lower score of MoCA is associated with higher level of HbA1c. The American Diabetes Association (ADA) proposed that HbA1c ≥ 6.5% can be used to diagnose DM, and keeping an HbA1c lower than 7% reduces the occurrence of diabetic microvascular lesion (Yaffe et al., 2012) . Based on our study and previous studies, H-Y staging and HbA1c may serve as key parameters for controlling CI in PD clinical practice.
There are still some limitations in this study. First of all, the sample size of our study was relatively small, and the participants were mainly from Shanghai, China, therefore, our results may have a certain area or racial bias. Secondly, our study was a cross-sectional research, lacking of comparative support from prospective study. Thirdly, our study lacked cerebral vascular disease risk factors (such as drinking, hypertension, stroke) assessment, and there was no further analysis of the influence of diabetic medicines on patients' cognitive function. Lastly, all the patients participated in our study had a H-Y staging 3 or less than 3, namely early stage PD patients. Therefore, our results may not apply to the whole PD group.
CONCLUSION
Our study showed that CI may be tightly associated with dysglycemia in, at least partially, PD patients. Importantly, H-Y staging and HbA1c ≥7% may be independent risk factors of CI in PD, and may serve as key biomarkers in future PD clinical practice. Further studies are needed to investigate the specific mechanism for CI of PD.
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